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Adding a second Higgs doublet is one 

of the simplest extensions of the SM
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General 2HDM

∝ ρtq
u

Not CKM suppressed

q = u, c

In the mass basis, the Yukawa Lagrangian has 
the following flavour violating couplings




Adding a second Higgs doublet is one 

of the simplest extensions of the SM
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General 2HDM
In the mass basis, the Yukawa Lagrangian has 
the following flavour violating couplings


Very suppressed at tree level, only non-zero can be .ρbb
d

Only non-zero are  and possibly .ρττ
ℓ ρμτ,τμ

ℓ
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∝ ρtq
u

Multi-lepton + jets@ATLAS
ATLAS did a search for heavy Higgs bosons with FV couplings 

with the top quark https://arxiv.org/pdf/2307.14759

https://arxiv.org/pdf/2307.14759
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ATLAS did a search for heavy Higgs bosons with FV couplings 

with the top quark https://arxiv.org/pdf/2307.14759

∝ ρtq
u

Observed significance for a heavy scalar
with a mass of 900 GeV as a function
of the three couplings normalised to the
sum of the couplings

•  seems to big, might 

not respect flavor 

constraints.


• Non-zero is needed for

Explaining the charged 

current anomalies.
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Fit with no flavour constraints!

Multi-lepton + jets@ATLAS

ρut
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Motivation for this study:
∝ ρtq
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https://arxiv.org/pdf/2307.14759
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Flavour constraints

Possible interference with NP?

Taken from Moriond 2025

at  3.8 σ

Non-zero  and  are needed.ρtc
u ρττ

ℓ
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Flavour constraints

7



-  mixing at tree level.
D0 − D̄0

Flavour constraints
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-  mixing at tree level.


-  mixing at one-loop.


D0 − D̄0

D0 − D̄0

Flavour constraints
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-  mixing at tree level.


-  mixing at one-loop.


-  at tree level. 

D0 − D̄0

D0 − D̄0

Bu → τν

Flavour constraints

1010



mA = mH±

mA − mH = 50 GeV

Bs,d − B̄s,d

(Constrain all four couplings)

t → hc

ρττ
ℓ

ρtt
u

ρut
u

ρcc
u

ρtc
u

R(D(*))

κτ

ρbb
d

cβα

{
b → dγ

b → sγ

Flavour constraints

• Need to include multi-tau decays from CMS. 

• eEDM constrain the imaginary part of  .ρττ
ℓ

• Nested sampling

scan using Bayesian

inference.


• Resultant parameter 

space from flavour

constraints.
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Results

Non-zero

 and ρtc ρττ

Small  and large

 masses

ρtt

Non-zero best fit point


 for  and  small ρcc ρbb
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ρττ
ℓ

ρcc
u ρbb

d

ρtt
u

ρtc
u



Results
SM has large uncertainties! =(18.2 0.7)Δ MBs

± ps−1

Exp.measurement is very precise! (17.766 0.006)± ps−1

1  G2HDMσ

2  G2HDMσ

Experiment

SM prediction

(p
s−

1 )

ρut
u |0.2|∼
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Fits simultaneously   ratios at 1  
with non-zero  and 

R(D*) σ
ρtc ρττρττ

ℓρtc
u



Summary
• General 2HDM offers FV couplings with rich phenomenology.


• ATLAS used the model to study multi-top production for the first time.


• Computed constraints for quark couplings from tree and loop level observables.


• Interferences in meson oscillations along different up-like quark couplings improve the fit to .


• The resultant parameter space can fit the  ratios at 1 .


• Those constraints can be used for new analysis at ATLAS for multi-top decays including new 
modes.

Δ MBs

R(D*) σ

谢谢！
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Flavour constraints
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